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Objective. The aim of this study was to compare type I collagen degradation by Candida albicans isolated from oral mucosa
(M) and cavitated active dentinal caries (CAD) of HIV-infected children.
Study Design. To verify the proteolytic activity, the specimens were cultivated in brain-heart infusion medium and the
supernatants were incubated in the presence or absence of type I collagen at 37°C for 12 hours and analyzed using 10%
sodium dodecyl sulfate–polyacrylamide gel electrophoresis. Intensity of the bands on the gels was assessed by densitometric
analysis using a scanner and images analyzed with software from Kodak Digital Science EDAS 120.
Results. Supernatants of all the C. albicans degraded type I collagen: that from M, on average, by 38.3% (SD 21.67) and that
from CAD by 54% (SD 25.94; Wilcoxon test: P  .05). Predisposing factors had no association with the percentage of type I
collagen degradation (Mann-Whitney test: P  .05).
Conclusions. Candida albicans from different sites of the oral cavity of HIV-infected children has proteolytic activity for type I
collagen. (Oral Surg Oral Med Oral Pathol Oral Radiol 2012;113:378-383)The prevalence of Candida spp. in the oral cavity of
human immunodeficiency virus (HIV)–infected chil-
dren is considered to be high, and Candida albicans is
the most commonly observed species.1,2 The factors
involved in the virulence of this yeast are dimorphism,
antigenic variation, immune modulation of the host
defense mechanism,3,4 adhesins, and secretion of pro-
teases.5-7
Proteases are proteolytic enzymes that play an im-
portant role in the degradation of various host proteins,
such as collagen, particularly type I collagen,8-10 which
forms 90% of the dentin organic matrix.11 Therefore,
when there are favorable conditions for adhesion, col-
onization, and proliferation of this microorganism,5,6
caries development is enhanced.4 Also, some authors
have reported that C. albicans can coaggregate with
bacteria existing in the oral cavity, which favors their
adhesion to oral mucosa and tooth structures.12,13
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378Studies have reported that HIV-infected children
have a greater prevalence of caries compared with
noninfected children.2,14 The increase in dental caries is
this group is associated with a reduction in salivary
antibodies, reduction of salivary flow rate, continuous
medicinal use of sucrose, and a diet rich in carbohy-
drates for caloric protein replacement. Apart from these
specific factors, other traditional variables have been
observed, such as deficient oral hygiene.14,15 The pres-
ence of C. albicans in carious lesions and dentinal
tubules of HIV-infected patients has been reported,16,17
demonstrating that dentinal carious lesions in HIV-
infected patients can serve as a niche for colonization
and proliferation of Candida species. Moreover, the
ability to degrade type I collagen makes this fungus an
important coadjuvant in the caries process.4
Considering that the local environment can alter
the phenotypic expression of microorganisms,18 we
hypothesized that C. albicans from dentinal caries
has more collagenolytic activity than C. albicans
from oral mucosa. Therefore, the aim of the present
Statement of Clinical Relevance
HIV-infected children are more susceptible to Can-
dida albicans infections. This may be associated
with the high prevalence of caries in these patients.
Studies that investigate the possible etiologic fac-
tors for this high prevalence, such as our research,
are very relevant.
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enzymes secreted by C. albicans from oral mucosa
and dentinal carious lesions of the same HIV-in-
fected children to degrade type I collagen. The study
also investigated this relationship with predisposing
factors, such as viral load and CD4 percentage and
illustrated the presence of C. albicans in dentinal
carious lesions of these patients with scanning elec-
tronic microscopy (SEM).
MATERIALS AND METHODS
Subjects
The study group consisted of 23 HIV-infected children,
from 5 to 12 years old, who were selected by conve-
nience over a 9-month period. The group was from the
same institution, attended at the Pediatric Acquired
Immune Deficiency Syndrome (AIDS) Outpatients
Clinic (Rio de Janeiro, Brazil) and followed at the
Pediatric Dentistry Department of the Federal Univer-
sity of Rio de Janeiro through the SIDA/AIDS Project.
The children had been diagnosed for HIV infection,
which was confirmed by enzyme immunosorbent as-
says and Western blot tests. All of the participants had
similar socioeconomic status and feeding habits. To
participate, a child had to have adequate salivary flow
(0.5 mL/min), 1-5 cavitated active dentinal carious
lesions (CAD) with at least 1 tooth accessible to a no.
5 curette (Duflex, Rio de Janeiro, Brazil), and could not
be under antifungal therapy nor have taken any topical
antimicrobial medication within 3 months before the
collection of the material for this study. If the dentin
presented in the cavity seemed moist, soft, and yellow
in color, it was classified as CAD.16
The patient’s personal information, medical history
(diagnosis of AIDS, immunologic and clinical classifi-
cation (Centers for Disease Control and Prevention
[CDC] classification), use of antiretroviral therapy and
highly active antiretroviral therapy (HAART), use of
antifungal or any other medication), and laboratory
examinations (nearest to the sample collection day),
such as the percentage of CD4-positive cells and viral
load, were recorded from their medical records. Pa-
tients were considered to be on antiretroviral therapy
when they took 1 nucleoside reverse transcriptase
inhibitors with or without nonnucleoside reverse tran-
scriptase inhibitors, and those that also took protease
inhibitors as part of their medication were considered to
be using HAART.
This study had the approval of the Ethics Committee,
and informed consent was obtained from each of the
children’s legal guardians. Also, this study followed the
Helsinki Declaration.Sample collection
Oral specimens were collected by the same trained
professional. Supervised tooth-brushing and a visual
examination of the oral cavity for presence of carious
lesions (including white spots) and soft tissue lesions
were carried out. The oral mucosa (M) material was
obtained with the use of a sterile swab, which was
rubbed 3 times against the mucosa of the oral cavity
(tongue’s dorsal surface, buccal mucosa, and hard pal-
ate). Then the swab was put into a sterile test tube
containing 1 mL sterile saline solution (0.85% NaCl).
The dentin from CAD was collected by using a no. 5
sterile dentinal curette (Duflex) as follows: After re-
moving the external layer of the dentinal carious lesion,
3 parts of the inner layer and core dentin were collected
and put into sterile tubes of 1.5 mL which had been
weighed previously. Dentin was collected from only 1
tooth; when the patient had more than 1 tooth with
CAD, the tooth with the most extensive lesion was
chosen. All samples were refrigerated for laboratory
procedures within 2 hours.
After the specimen collection, an assistant performed
tooth-brushing with fluoridated toothpaste, followed by
a topical fluoride application (2.0% sodium fluoride).
Also, all cavitated teeth were filled at the Pediatric
Dentistry Clinic and all patients requiring dental extrac-
tions were treated for such.
Microbiologic analysis
The tubes containing the dentin specimens were
weighed and then 1 mL sterile saline solution (0.85%
NaCl) was added before seeding.
To quantify and identify the specimens, the tubes
containing the swabs and dentin specimens were vor-
texed for 30 seconds to release the adherent cells and to
homogenize the suspension with dentinal caries.19 100
L of each solution was seeded onto plates with chro-
mogenic agar (Chromagar Candida, Chromagar Co.,
Paris, France) and incubated at 37°C for 48-72 hours
for presumptive identification of species.20
Colonies with different colors were analyzed with
the use of biochemical tests for sugar assimilation and
fermentation according to the API Candida 20C system
(bioMérieux, Marcy L’Etoile, France), thus allowing
the Candida species to be positively identified.
Proteolytic activity
A total of 46 paired specimens of C. albicans isolated
from M (23 strains) and CAD (23 strains) of HIV-
infected children were used. The samples were cultured
on plates with chromogenic agar, identified with the use
of biochemical tests for sugar assimilation and fermen-
tation according to the API Candida 20C system, and
then kept inside screw-capped test tubes containing 5
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The C. albicans strains from the agar plates were
obtained by inoculating 3.5  105 cells/mL isolated
from M and CAD into a 50-mL Erlenmeyer flask con-
taining 20 mL brain-heart infusion medium, and grow-
ing at 37°C for 48 hours in an orbital incubator shaker.
The supernatants were obtained by centrifugation
(7,000g, 8 minutes, 4°C). They were filtered through a
0.22-m membrane (Millipore, Billerica, Massachu-
setts, USA) and 10 mL was concentrated by ultrafiltra-
tion in a 10-kDa membrane cutoff Centricon micro
concentrator (Amicon, Bervely, Massachusetts, USA).
The proteins in the concentrated supernatants were
quantified according to the method described by Lowry
et al.,21 using bovine serum albumin (Sigma Chemical
Co., St. Louis, Missouri, USA) as the standard solution.
To verify the proteolytic activity, type I collagen
purified from rabbit skin (Sigma Chemical Co.) was
used as protein substrate at a concentration of 1 mg/mL
and solubilized according to the manufacturer’s instruc-
tions.
Degradation of type I collagen by proteolytic en-
zymes secreted by C. albicans was observed according
to the different systems: containing protein substrate or
not. The systems were kept in 50 mmol/L sodium
phosphate buffer (pH 5.5) and incubated at 37°C for 12
hours in an orbital incubator shaker. The resulting
hydrolyzed fragments were analyzed using 10% so-
dium dodecyl sulfate–polyacrylamide gel electrophore-
sis (SDS-PAGE; with 3% packing gel),22 and electro-
phoresis was performed at 120 V at room temperature.
The proteins were revealed by staining the gels with
0.2% Coomassie Brilliant Blue R-250 (Sigma Chemi-
cal Co.) in a solution of methanol, acetic acid, and
water (50:10:40, v/v/v) and destained in another solu-
tion containing 7% methanol and 5% acetic acid that
was mechanically shaken for 16 hours. After the
discoloration, the gels were placed in distilled water for
1 hour, photographed, and placed on cellophane paper
at room temperature and left to dry.
Densitometric analyses of the bands were carried out
using the image analysis software from Kodak Digital
Science EDAS 120 according to the manufacturer’s
instructions.
Scanning electron microscopy
Four deciduous molars that had been extracted were
selected for this study. They were washed with sterile
solution (0.85% NaCl) and then fixed in 2.5% glutar-
aldehyde solution for 9 days.23 After fixation, the teeth
were transversally cut to separate crown and root, and
then the crown was longitudinally cut into 2 parts with
carborundum disks under refrigeration, producing 8dental fragments that were fixed once more in 2.5%
glutaraldehyde solution for 3 days. The specimens were
then washed with phosphate-buffered saline solution
(PBS) and postfixed with 1% osmium tetroxide solu-
tion in 0.1 mol/L sodium cacodylate buffer (pH 7.2)
containing 0.8% potassium ferrocyanide and 5 mmol/L
calcium chlorate for 1 hour in the dark. Following this
step, the fragments were washed again with PBS and
dehydrated gradually with 30%, 50%, 70%, 80%, and
90% ethanol and twice with absolute ethanol. Each
dehydration step was 30 minutes.
After dehydration, the fragments were critically
point dried and then metallized with a thin gold layer on
their surface. The fragments were analyzed in a Jeol
JSM-5310 SEM.
Statistical analysis
All of the experiments were repeated at least 3 times
and all systems were performed in triplicate sets. A
representative image of these experiments is shown in
Figure 1. Data were analyzed with the Wilcoxon and
Mann-Whitney tests in SPSS 13.0 software, at a sig-
Fig. 1. Stained gel for reading by densitometric analysis
using a scanner and EDAS 120 software from Kodak Digital
Science after 12 hours: cleavage of soluble type I collagen by
extracellular protease activities of Candida albicans isolated
from oral mucosa and dentinal caries isolates of HIV-infected
children. A, Control: type I collagen complemented only with
buffer; B, type I collagen complemented with concentrated
supernatant of C. albicans isolated from oral mucosa and
buffer; C, type I collagen complemented with concentrated
supernatant of C. albicans isolated from dentinal caries.nificance level of 5%.
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The mean age of the subjects was 7.83 years (2.4),
and 14 were boys (60.9%). According to CDC crite-
ria,24 10 patients (43.5%) were not immunosuppressed,
10 (43.5%) had moderate immunosuppression, 3 (13%)
had severe immunosuppression, and 15 (65.2%) pre-
sented moderate viral load (10,000-30,000 plasma
RNA copies/mL).
Electrophoresis with 10% SDS-PAGE and densitom-
etry analysis of the supernatants from the 46 C. albi-
cans isolated from oral mucosa (23 strains) and dentinal
caries (23 strains) demonstrated proteolytic activity on
type I collagen in 100% of the specimens (Figure 1).
On average, C. albicans isolated from CAD degraded
significantly more type I collagen (54%  25.94.) than
C albicans from M (38.3%  21.67; Wilcoxon test:
P  .001; Figure 2).
When the relationships of the CD4 percentage and
viral load, with the percentage of type I collagen deg-
radation from M and CAD were analyzed, statistically
significant differences were not found (Mann-Whitney
test: P  .05; Figures 3 and 4).
SEM analyses revealed the presence of Candida
hyphal and yeast forms in the carious dentin of all of
the fragments analyzed (Figure 5).
DISCUSSION
The virulence of C. albicans can be related to several
factors, including its adhesion capacity, the first step
toward colonization. Oral surfaces are covered with a
pellicle containing salivary components, including nu-
merous proteins, which can influence C. albicans ad-
hesion to oral epithelium.5,25 Moreover, Grimaudo et
Fig. 2. Box plots with interquartile ranges showing the per-
centage of type I collagen degradation by Candida albicans
isolated from oral mucosa (M) and cavitated active dentinal
caries (CAD) based on densitometry analysis of the degrada-
tion bands (Wilcoxon test: P  .001).al.12 reported that C. albicans not only can coaggregatewith bacteria existing in the oral cavity but also can use
the bacterial metabolites for adhesion, thus corroborat-
ing other findings.
The secretion of proteolytic enzymes is considered to
be a crucial factor for Candida virulence, because they
are produced in large amounts by C. albicans, C. tropi-
calis, and C. parapsilosis, the most virulent species.1
These enzymes can act at different pH levels, increas-
ing Candida species adherence to different surfaces5,26
that are favorable for their colonization and prolifera-
tion.
The results of the present study showed that C.
albicans isolated from M and CAD secreted enzymes
that were able to degrade type I collagen after 12 hours’
incubation. The degradation was confirmed by electro-
phoresis analysis. Nikawa et al.4 and Kaminishi et al.8
reported that C. albicans can produce lactic acid from
carbohydrate fermentation and dissolve the hydroxyapa-
tite of the tooth structure, resulting in collagen exposure
and consequent yeast adhesion. In the present study, the
densitometry analysis of the bands resulting from protein
degradation showed that the proteolysis of type I collagen
was greater in the supernatants of C. albicans isolated
from CAD than those isolated from M.
According to some authors, proteolytic enzymes can
degrade a variety of host proteins, particularly type I
collagen,8,9 the main component of the dentin organic
matrix,27 which can explain the difference between the
proteolytic activity of secreted enzymes by C. albicans
isolated from M and CAD, suggesting that these en-
zymes degraded not only the proteic substrate (type I
collagen purified from rabbit skin), but also the colla-
gen present in dentin.
The different profiles of collagen degradation in our
study can be explained by the influence of the environ-
ment on the expression of the phenotypic properties of
Candida. Although working with a different pheno-
typic property, such as protease secretion, Costa et al.3
found aspartic proteases in culture supernatants of Can-
dida spp. strains isolated from the oral cavity of HIV-
infected children and suggested that it could have been
due to the culture medium used. Different profiles of
cell-associated and extracellular proteases were also
observed by Santos et al.28 when they analyzed Blast-
ocrithidia culicis under different growth conditions.
However, a limitation of our study was that the isolates
of Candida albicans were not characterized genotypi-
cally to identify if there were different strains or the
same one that colonized different sites of the mouth.
Jacob et al.17 and Sen et al.22 carried out an in vitro
study and observed C. albicans colonization in dentinal
tubules of extracted human molars. Data from their
study using SEM analysis showed Candida hyphal
forms in dentinal carious lesions, and SEM analysis
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These results were corroborated by Grimaudo et al.,12
Fig. 3. Relationship of percentage of type I collagen degradati
(P  .386) and (B) viral load (P  .275); and (2) cavitated
(P  .127). Mann-Whitney test was used for the analyses.
Fig. 4. Scanning electron micrograph, showing Candida
(black arrow: yeast form; white arrow: hyphal form) in
dentinal carious lesions. Bar  10 m.who also reported that bacterial metabolites furtherfacilitate the adhesion of this fungus. These findings of
enhanced adhesion suggest that the presence of this
yeast in dentinal carious lesions can contribute to the
progression of the carious process.5,29
The proteolytic activity may be regarded as a viru-
lence factor for several fungi, and it can be modulated
by some individual characteristics, such as immunosup-
pression.7 However, relationships between the CD4
percentage and viral load with the percentage of type I
collagen degradation from M and CAD were not ob-
served in our results.
Our data indicate that enzymes secreted by C. albi-
cans isolated from M and CAD of HIV-infected chil-
dren can degrade type I collagen, an important organic
component of dentin. Furthermore, our data are sup-
portive of the premise that Candida in dentinal carious
lesions could be an additional factor contributing to the
caries process in dentin of these patients.
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